intended to sample the fauna over the area quantitatively by means of a 'rom2 Petersen grab; on most occasions, however, the instrument failed to bring up any gravel owing to the insertion of large pieces of shell between the teeth. On May 20th, 1931, twelve dips resulted in only two good hauls. Without doubt the instrument works well on the finer deposits, but in order to maintain a uniform method throughout it has been found necessary to make use of the Conical Dredge fitted with a canvas bag, and with the exception of a few hauls taken with a finemeshed Naturalist's Dredge in order to define the limits of the shell gravel on the reef border, all sampling has been done with the Conical Dredge.* This type of instrument, as used in quantitative work, has been somewhat adversely criticised, and with some justification. It is worth while considering the limits within which reliable work can be accomplished with the dredge.
In the first place, the instrument is not effective in taking a sample of the epifauna of the ground. Members of the epifauna which attach themselves to shell fragments and to stones are of course captured by any instrument capable of digging into the bottom deposit, but the epifauna also includes predatory species, active enough to get out of the way of the dredge. Not a single actively moving crustacean, mollusc, or echinoderm has been taken during the course of the work. Specimens of Ebalia -tvherosa, E. tumefacta, Portunus pusillus, Conilera cylindracea, and Amphioxus lanceolatus, all of which-and particularly the latter-are capable of fairly rapid movement, have been caught, but these are really members of the infauna, and are scooped up with the gravel. With regard to the infauna, there is no indication in the scanty comparative records of any serious discrepancy in the conical dredge haul as compared with that of the grab. Ford (8) concludes, after comparing the two, "that the conical dredge is capable of taking a good sample under favourable circumstances, and will give a good idea of the general community formation." Only two grab hauls are available for comparison as a result of the present survey. Hauls 21 and 23 (Appendix, show the numbers of the various species from 1 litre of the grab samples, and may be compared with Hauls 22 and 29 respectively, taken in the same vicinity, and representing the fauna of 1 litre of gravel from the conical dredge. The numbers of individuals of the Mollusca, Echinodermata, Crustacea, Polychreta, and Nemertini, and the number of species taken in the two hauls of each type, are given for comparison below.
* Diameter of the mouth of the dredge = 1 ft. 6 in.
Total length = 2 ft. 10 in. Length of canvas bag = 2 ft. 1 in. Diameter of hinder end of the dredge = 6! in.
---- Except in the numbers of Echinocyamus pusillus, there is no suggestion of greater efficiency on the part of the grab. The most obvious and most serious objection to the use of the conical dredge in quantitative work lies in the fact that it must be hauled a considerable distance before it can be filled; at least two adverse factors are thus involved.
1. Movement over the bottom may not be smooth, an excess of the surface layer being obtained. 2. The sample collected is a general one from a large area, the grab sample being a particular one from a small area.
Before. considering these two points, it would be well to indicate the approximate distance which the dredge has been made to travel during a haul of 4-5 minutes' duration. Unfortunately, during the greater part of the work the distance was not noted, but towards the end of the survey the positions of the ship at the time of shooting of the dredge, and at the time when the dredge had been pulled to a position vertically below the stern, were taken. The observations made on December 11th are given in Table 1 It is not claimed that the figures given in the last column are strictly accurate; the distances travelled by the dredge, as calculated from a consideration of the initial and final positions, are only approximate, since in the first place bearings have only been taken to the nearest ! point of the compass, and secondly, no allowance has been made for the error of the rangefinder. It is sufficient, however, to show that the maxi-.mum distance of hauling is about 200 yards, this maximum being attained when the ship slips away on a rapidly moving tidal stream. Hauling over, this distance eliminates any possibility of detecting" patchiness" of fauna, but since the object of the survey has been rather to indicate the general nature of the fauna within arbitarily selected areas, the only danger is that in hauling over this distance more than one of such areas may have been sampled. In comparing the fauna from the different parts of the ground, difference in texture of the soil has been made the factor for division into areas, and areas differing in Representative Number* by 1.0 have been selected. In order to get from a gravel of Representative Number (R.N.) x, to. one of x+l, or x-I, it is necessary to travel at least 500 yards, as reference to Figure 1 will show. Within 200 yards, gravels of R.N. difference 0.3-0.4 may be sampled. There is, then, a possibility of overlapping from one area into the next, and in comparing the faunas from gravels of different texture, the R.N. must be understood to be liable to an error of the order of ::1::0.2.
The probability of collecting an excess of the surface layer of the deposit, by using the conical dredge, involves . (a) The collection of a number of surface-living animals out of proportion to the number in the deeper layers of the soil. (b) The collection of an insufficient quantity of the sub-surface gravel deposit. The first point was considered when it was shown that there is reason to believe that the dredge is probably as efficient as any other instrument at present used in quantitative work, for obtaining a fair sample of the infauna. For the collection of a gravel sample, the grab is definitely inferior, the small amount of soil taken being exposed to the wash of the water during hauling, with the loss of a good deal of the finer particles. The middle portion of the conical dredge sample is not so exposed, and the finer grades are retained.
The routine adopted during work at sea has been as follows. When in the neighbourhood of a station selected prior to the cruise, the-ship has been brought on to the required bearing relative to the Stone, and manceuvred into position, instructions as to the distance from the Eddystone, as given by the rangefinder, being given from time to time. When the * For the explanation of the term Representative Number, and for the method of its derivation, see p. 247. SHELL GRAVEL OF EDDYSTONE GROUNDS.
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ship had been brought into position, the dredge was dropped over the stern on the port side, and the boat was allowed to slip away with the tide, or by giving a turn or two to the engines unti160 fathoms of warp had been paid out, when the warp was made fast. After an interval of about two minutes, hauling was commenced, and continued slowly and steadily until the dredge had just left the bottom, the final bearing and distance then being taken.
As soon as the dredge was on deck, its contents were tipped into a bath, and two bottles (of about 2t litres capacity) were filled with the middle portion of the gravel, and taken back to the Laboratory; the rest of the gravel was searched on deck in order to obtain a qualitative estimate of the fauna. From the one bottle, about! litre of gravel was removed, and sieved according to Allen's method (1), whereby particles are retained on a series of sieves with circular perforations of 15.0 mm., 5.0 mm., 2.5 mm., 1.5 mill., 1.0 mill., and 0.5 mill. diameter, the material passing through the finest sieve being divided into two portions, one of which settles within 1 minute after stirring up with water, the other-remaining in suspension -being filtered off, dried, and weighed. After drying and weighing the remaining grades, the percentage composition of the sample was determined. * Texture has been expressed by assigning to each gravel a Representative Number, as used by Bodey (4). The method of deriving the R.N. is illustrated by the analysis of a sample taken at a distance of 1725 yards W. of the Eddystone, and given below. The percentage of each grade is multiplied by the diameter of the smallest particles in that grade (i.e. the diameter of the perforations of the sieve on which the particles composing the grade are retained). Fine sand is given a diameter of 0.1 mm., and the silt is neglected. The sum of the various products is divided by 100, the value so obtained being the R.N. of the sample.
For quantitative estimation of the fauna, 1 litre of gravel was taken from Ax B. the second bottle and sieved, all living animals retained on the 15, 5, 2.5, and 1.5 mm. sieves being picked out by searching the gravel, a little at a time, under water in shallow enamel dishes. The time and labour required for searching increases with decreasing size of particle, and the limit for all practical purposes may be set at the 1.5 mm. grade. The importance of examining the gravel of this grade with some thoroughness may be gathered from the fact that the mollusc Astarte triangularis, which from the point of view of numbers is the most important mollusc in the shell gravel, has been found in grade 1.5 only. Small polychmtes, crustacea, and nemertini were obtained by repeated shaking of the sample with water, and straining the liquid through cheese-cloth. In addition, measurements of all undamaged dead mollusc valves from grades 15, 5, 2,5, and 1.5 of the dried gravel, as used for determining the R.N., were made, and will be referred to later.
Dredging in the immediate neighbourhood of the Eddystone reveals the fact that there is a considerable area where there is little or no veneer of shell covering the bare rock. The limits of this type of ground, from which the dredge comes up empty, or with a fauna obviously associated with a solid substratum, are indicated in the chart (Fig. 1) . The greater area of the bottom surrounding the Eddystone reef is covered with shell gravel, extending over an area bounded by the circumference of a circle of 3000-4000 yards radius, with the exposed reef as its centre.
Three well-marked submarine ridges run out to the N.E., S.E., and N.W. of the exposed reef, upon which the present light and the stump of the old Smeaton Tower stand. The sides of the reef slope down rapidly into about 30 fathoms of water, and Worth (in 1) notes that the summit and a portion of the sloping sides are gneissic in character, whilst triassic fragments preponderate at points more distant from the main reef.
Examination of the bottom samples taken during the course of the present work made it clear that gneiss is the main inorganic constituent of the samples taken in the immediate neighbourhood of the reef, but that sandstones and pebbles are found to the exclusion of gneiss at points no more distant from the reef than 1800 yards. No attempt has been made to separate the gneissic and trias sic rocks, all of which have been included in the general term of "matter of inorganic origin." Table 2 gives the amount of such material in grammes per 1000 gm. of a sample, as selected from grades 15, 5, 2,5, and 1.5. The greatest quantity of inorganic matter is found, .
(1) In samples taken near the exposed reef-at a distance of 1000 to 1500 yards. 
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To the E. and N.E. of the Stone (in Table 2 , as Eddystone bearing W. and S.W.), however, there is a progressive decrease up to distances of 2500 and 3500 yards, respectively, a circumstance to which reference will be made later. The first series of gravels have as their main inorganic constituent, gneiss, the second, sandstones and pebbles. Between the two series is an area, the gravels of which contain very little inorganic matter.
Unbroken and broken mollusc valves constitute the greater part of the larger fragments of the shell gravels, whilst in the lower grades, echinoid spines, polyzoan "stalks" and a few unbroken and broken mollusc valves and Echinocyamus pusillus tests are found together with sand. Altogether some 30 species of lamellibranchs are represented. Undamaged valves, echinoid tests and gastropods, have been picked out from grades 15, 5, 2,5, and 1,5, and their numbers as they occur in a series of samples are given in Table II Excluding the gastropods, of which it is difficult to make an exact census, it is notable that the molluscs Glycymeris glycymeris, Astarte triangularis, Gafrarium minimum, Chione ovata, Chione fasciata, and the echinoid Echinocyamus pusillus, comprise at least half the total number of undamaged, specimens, and are frequently found in such numbers as to constitute 80-90% of the whole. All the species, the shells of which have been taken in any number in the gravel, have also been taken alive either in the conical or in the naturalist's dredge. Table 2 will show that, generally speaking, the greatest aggregations of undamaged shell occur in the gravels where the inorganic matter is in the least quantity; the figures in the table represent the number of gm. of undamaged shell per 1000 gm. of gravel.
Three well-defined gravel areas are thus to be found.
(1) The Inner Shell Gravel, in which gneiss is the chief component of the inorganic material, and in which the concentration of undamaged shell is low.
(2) The Middle Shell Gravel, where very little matter of inorganic origin is to be found, and where the concentration of shell, broken and unbroken, is high. (3) The Outer Shell Gravel, where pebbles and sandstones are found in quantity, and where undamaged shells are not found in large numbers.
The approximate limits of these areas are indicated in the chart (Fig. 1) . The Representative Number of a sample has been shown to be a measure of the degree of coarseness of a deposit, a quality determined to a very great extent by the degree of scour to which the bottom is exposed. Worth in (1), in considering samples taken in the neighbourhood of the Eddystone, notes that" with one exception the fine textures occur at some considerable distance from the reef, while the coarse textures are.clustered around the reef or around the Hand Deeps."* During the course of the year a sufficient number of samples have been taken to show that essentially this is the case, as will be seen by reference to Figure 1 , where the R.N.s of samples taken at various positions around the Eddystone reef are shown.
The Representative Numbers of samples taken,along lines radiating from the Eddystone are given in Table 3 . The figures without brackets are the R.N.s as calculated from the amounts of all type~of material remaining on the various sieves. A decrease in value of the R.N. is found as the samples are taken at progressively increasing distances from the Light; in one or two instances, however-in the Outer Shell Gravel area- the R.N. is higher at a ppint with the same bearing on, but further from the Stone. If now the R.N. be recalculated for the sample, after all the inorganic matter has been removed, the new values ( progressive segregation according to size, the larger particles being the more abundant near the reef, the smaller particles more so away from the reef, but that the effect is masked, to the VV. and S.VV., by the intrusion of inorganic matter from outside grounds, or from the outer portions of the reef. Table 3 indicates clearly stations of the Middle Gravel area (figures in italics), for since there is but little matter of inorganic origin within this area, the Representative Numbers, as calculated for the whole sample and for the shell content alone, differ but little in value. It will be seen that in the western half of the area round the Eddystone-with Eddystone bearing N.E.i-N., E., and S.S.E.-the Middle Gravel stations are to be found about 1800 yards distant from the main reef. To the E. and N.E., however, the Middle Gravel area is much more extensive, and is expressed most typically at stations from 3000 to 3500 yards distant ( Fig. 1) . Evidence as to the extent of movement of particles over the sea floor is of a very contradictory nature. Authorities differ in opinion as to the depth at which wave action ceases to affect th~equilibrium of particles lying on the sea bed, but the general opinion seems to indicate that wave action may be felt down to a depth of at least 600 feet in the open ocean (11, p. 80). The passage of an oscillatory wave causes particles to move in an orbit perpendicular and opposite to the direction of propagation of the wave, in such a way that the particle moves back to its original position after the passage of the wave. Particles of small size and of low density will move before particles of larger diameter and of greater density, Formulre have been developed for determining the force required to move particles of known average diameter and density, and are quoted by Borley (4), Owen (13) and others. It is sufficient, however, to realise that storm waves may lift particles from the sea floor, subsequently to be transported by currents and other agencies, with the result that there is a tendency to segregation of particles of comparable density according to SIze.
The direction and strength of the currents and eddies around the Eddystone reef must be variable in the extreme, and be dependent on the varying forces of wind and tide, so that it is useless to speculate on the probable resultant direction of the submarine disturbances conditioned by these forces, but it seems probable, in view of the fact that segregation takes place along lines radiating from the exposed reef, that once a particle has been raised from the floor by the passage of a wave, gravity will be the controlling factor in effecting its movement. Johnson (11, p. 208) , speaking of the removal of graded cliff material from beaches, says, " the seaward inclination of the beach greatly facilitates the removal of debris into deep water; for. . . if oscillatory waves produce equal impulses alternately landward and seaward, debris on an inclined plane must travel down the slope, whereas on a horizontal bottom it might remain in one place indefinitely."
Immediately surrounding the exposed reef there is little or no covering of shell over the bare rock. In the comparatively shallow water of this region, even slight wave action will be felt, and the steep incline will assist in the passage of particles to a less disturbed and more level bottom. More distant from the Stone, the incline and depth of the bottom are sufficient to allow large pieces of shell and smaller pieces of gneiss to remain in an equilibrium position, and increasing depth associated with a less marked gradient will permit of the maintenance of equilibrium of smaller shells and rock fragments.
In order to show more precisely this segregation of particles according to size, the sizes of the dead valves of the commoner species of molluscs as they occur in the various gravel samples have been noted, and for this purpose measurements of all undamaged valves from grades 15, 5, 2.5 and 1.5 have been made. The average lengths of the valves of the molluscs Glycymeris glycymeris, Chione ovata, Chione fasciata, and Gafrarium minimum, and of the tests of the echinoid Echinocyamus pusillus, taken from the various samples are given in Table 4 It has been shown that the number of species contributing to the Eddystone shell gravel is not great, and that all are animals which are found alive in this particular type of deposit; the question arises as to whether this particular shell gravel area is formed from the calcareous and siliceous remains of animals which have actually lived their lives in the neighbourhood of the reef, and which have in the course of time accumulated to form the extensive deposits, or whether there has been intrusion of inorganic matter and shell, from the sea bed outside the area surrounding the sloping sides of the reef. The fact that the valves of the Abra (Syndosmya) group, and of other molluscs which live in deposits other than gravel, are found only on the fringe of the muddy gravel, and then only to the extent of less than 1% of the total undamaged shell, precludes the possibility of extensive intrusion of outside forms into the gravel area. Some migration of sandstones and of pebbles probably occurs, but only into the Outer Shell Gravel deposits; on the other hand it is not known to what extent the intruded material is derived from the outer edges of the reef.
The Outer Shell Gravel deposits are found (within the area investigated) to the S.E., S.W., W., and N.W. of the Stone, intrusion being most marked to the S.W. and W., and less so to the N.W. as is shown by the differences between the R.N.s calculated for the whole sample, and for the shell content only, of the deposits of these areas ( It must be concluded that the outside material does not move up into the deposits found within a distance of at least 1700-1800 yards from the reef, a possibility much to be expected since such a movement would involve passage from a region of comparative stability, to one of more unstable equilibrium. The Inner and Middle Shell Gravel areas are thus composed of mollusc valves, polyzoan "stalks" and the like, animals which have lived on the rocky, or on the gravel ground, and dying there, have left their remains, which have become sorted out roughly according to size, during the course of which, attrition followed by removal to deeper water has taken place. The outward movement is slow but continuous, and is compensated by the continual addition of the hard skeletons of the recently dead animals.
Areas where movement and segregation are well marked have gravels with a percentage composition of the following type.
This type of deposit is characteristic of the Inner and Middle areas, inorganic matter when present, being gneissic in origin. There is a grade in which the maximum percentage of material occurs, the various amounts decreasing regularly above and below this. Such gravels will be referred to as being of the A type.
Gravels such as are found in the Outer Shell Gravel area, are of the B type, showing two maxima, one in the higher, the other in the lower grades. Their constitution is typified by the following three samples. Evidently the conditions under which these deposits are found, are of a much quieter nature than those giving rise to the first type, for there is present a much greater percentage of medium and of fine sand, and of silt. The large percentages of the higher grades result from the intrusion of stones from the outer grounds, for if these are removed from the grades 15, 5, 2,5, and 1,5, and the percentages recalculated, the results are as follows :-The" shell alone," from the B type gravel, is more nearly like the A type in composition. and will be referred to as the A, or shell component of the B type.
It has not been found practicable to pick out the matter of inorganic origin from grades lower than 1,5, so that the bracketed figures in Table 3 (p. 252), and the percentages for" shell alone" given above, do not really show the distribution of the shell in the different grades. Since, however, the greatest bulk of the inorganic matter is in the higher grades, much of the original bias is removed, although the true percentage composition of shell alone would show slightly smaller values in the grades 1,0,0,5, and 0'1, with correspondingly larger values in grades 15, 5, 2,5, and 1.5. For present purposes, h~wever, the modified R.N. will be taken as indicating the shell component of the B type gravel.
The differences between the A and B gravels are illustrated graphically in Figures 2, 3, and 4 , where the divisions of the abscissre represent the grades 5'0, 2,5, 1,5, 1,0, 0.5, and 0.1 (grade 15, of little importance, being omitted for the sake of simplicity), and the ordinates, the percentage composition of each grade.
. Figure 2 shows the single maximum of the Atype gravel, which tends to be displaced to the right with decreasing submarine disturbance, and coarseness of texture. The B type (Fig. 3) has two maxima, the one on the right corresponding to the single maximum of the A type gravel, and resulting from the heaping up material segregated by tidal scour and other hydro- Figure 4 , where it will be seen that the condition approaches that found in the finer of the A' type gravels (Eddystone, 2525 yards W. in Fig. 2) . The similarity between the shell components of the gravels at stations 2600 and 3000 yards S.W. of the Stone is at once apparent, and it appears that at a distance, at the most of 2600 yards in this quarter, the true Eddystone shell ceases to show any segregation, the increase in coarseness being due entirely to intrusion from outside. Why large fragments should be moved towards the Stone, when evidence is such as to suppose that any resultant dynamic force is in a direction away from the reef, is not clear, but it is probable that heavy swells coming in from the S.W. move the large fragments in a N.E.'ly direction, to positions where they are in equilibrium, whilst gravity combined with less severe wave action would account for the segregation of the lighter shell particles in a direction seawards from the reef.
The prevailing S.W.'ly swells, moving material in a N.E.'ly direction, are instrumental in causing, by intrusion of outside material, a reduction in area of the gravels of true Eddystone origin-gravels of the Inner and Middle areas-on the western side, whereas to the east, the tendency is towards the extension of the reef material and of shell; there being"no counterbalancing intrusion from the east, the Inner and Middle gravels are found to occupy, on this side of the Eddystone, a comparatively large area. The general characteristics of the gravels may be summarised briefly, thus ":-A TYPE GRAVEL.
Eddystone gneiss, the main constituent of inorganic origin.
The percentage composition shows a single maximum.
No intrusion of outside material, exhibited.
A B TYPE GRAVEL.
Sandstones and pebbles, the main conStituents of inorganic origin.
The percentage composition shows two dis. tinct maxima.
Area of considerable intrusion. At the beginning of the year, a short preliminary survey of the North and North-West quarters of the Eddystone ground was made, using a Naturalist's Dredge fitted with a fine-meshed net. On this side of the Stone, a considerable area of the side of the reef is devoid of a gravel covering, and has associated with it a rich attached fauna, together with an abundance of predatory species. The approximate limits of this ground are indicated in the chart (Fig. 1) . It is not proposed to consider this epifaunistic community in any detail; a list of the animals taken is given in Table III In all, 36 hauls, the positions of which are given in Table I Excluding the incrusting polyzoa, of which only a few have been found -on stones and shells in the finer gravels-and members of the microfauna which appears on examination to be rich in small crustacea, a total of 112 species have been taken. Of these, however, 45 have been obtained once only, and only 14 species are found in any numbers-Amphioxus lanceolatus (Pallas), Glycymeris glycymeris (L.), Astarte triangularis (Montagu), Gafrarium minimum (Montagu), Chione fasciata (da Costa), Chione ovata (Pennant), Ampelisca spinipes Beeck, Conilera cylindracea (Montagu), Echinocyamus pusillus (0. F. Muller), Polygordius lacteus Schneider, Prmgeria remota Southern, Glycera lapidum Quatrefages, Mystides limbata de St. Joseph, and Lumbriconereis impatiens Claparede. Nowhere, however, on the gravel, are the numbers of animals comparable to those found on the more silty soils.
Amphioxuslanceolatus (Pallas). Is fairly well distributed over the whole of the shell gravel. It is impossible to state with any degree of certainty the relative abundance of the animal on the clean and finer gravels. The method used for quantitative sampling, whilst excellent for determining the numbers of molluscs and of polychretes, is of little use when applied to such an actively moving form as the lancelet. In the first place, the animal is probably able, in some degree, to evade the dredge, and secondly, whilst a bottle is being filled with a sample to be examined quantitatively, any Amphioxus which may be taken will almost certainly wriggle away and bury themselves in the larger pile of gravel which is to be searched qualitatively. The indications are, however, that Amphioxus is commoner in the coarser, than in the finer deposits. Whilst not attempting to attach any real significance to the numbers taken in each haul of the conical dredge, it is interesting to note the relative frequency of occurrence of Amphioxus in the various grades of soil, as shown below. R.N.ofgravel. With the exception of one of the hauls marked with an asterisk, in which very little gravel was brought up, the gravel samples, although' not of equal, were of comparable volume.
Amphioxus appears to be most abundant in the gravel N.N.W. of the Eddystone-here, the scour along the bottom maintains a coarse deposit for some 2000 yards in a seaward direction-but the lancelet is likely to be found in any haul taken over a type A gravel. It will be necessary to work systematically over the B type of gravel deposit before attempting to make any estimate of the frequency of occurrence on this type of soil.
Glycymeris glycymeris (Pallas). Although this mollusc has not been found in any great numbers, the number of valves in the gravel suggest that it is one of the most important of the molluscs living on the shell gravel. The records given by Allen (1), Ford (8) , and Steven (22) , indicate its restriction to gravel grounds, and although the numbers taken are not sufficient to justify any assertion of its distribution within the gravel area, it appears that the most consistent appearance of the mollusc is in the clean deposits.
Astarte triangularis (Montagu). Numerically, this is quite the most important mollusc found during the course of the work. In many hauls it has outnumbered the rest of the molluscs put together, although its very small size-2,0-2'5 mm ,-renders it very inconspicuous. Jeffreys (10) says that it is "local but gregarious on all our coasts from the northern extremity of Shetland to the Ohannel Isles, in sand, at depths of from 3-60 fathoms; it is remarkably abundant at Lewis in the Outer Hebrides, and at Guernsey." More recent records are not numerous; Colgan (5) records it as.being common off Clare Island in 5, 10, 15, and 19 fathoms, but does.not state the nature of the subsoil.
Gafrarium minimum (Montagu). Of a wide distribution, this species appears to occur mainly on gravel bottoms, but is not restricted to them. Whilst many whole valves were taken during the dredgings, it is remarkable how small a percentage contained living animals; although such is true of all the molluscs found on the ground, the proportion of dead to living.forms is particularly large in this species and in Chione ovata. At 8 stations at which the numbers were noted, of 95 Gafrarium examined, only 15werealive.
. Chione fasciata (da Costa). Ford (8) makes use of this mollusc (as Venus fasciata) in characterising the shell-gravel community, and contrasts the latter with the communities of the muddier deposits, where Venus gallina is the characteristic mollusc: It is only necessary to mention here that Chionefasciata has been found in fair numbers over the whole of the ground surveyed, and that the valves contribute in large numbers to the make-up of the deposit.
Chione ovata (Pennant). As with Gafrarium, the total number of living animals is small in comparison with the number of whole valves in any sample; for the same 8 stations, of 104 whole valves, only 9 were found to contain living animals. C. ovata is not characteristic of shell gravel, but is found on a variety of bottoms. In this respect it is interesting that in the two hauls (46 and:.47), taken to the S.W. of the Eddystone, where the gravels are of the B type, and contain a large proportion of silt, the valves of this mollusc are more common than are those of any other, and it is probable that the increase in average size at stations taken progressively seawards from the reef, contrary to the general direction of gradation, is due to the fact that conditions are more favourable to growth in the muddier soils, with the result that the average size is greater at death, water movement not being sufficient to transport and segregate the valves as in other quarters of the ground. If too, as we have seen, the centre of distribution of this species and of Gafmrium minimum is in a muddier soil, whilst the other common molluscs on the ground are characteristic of, and find their optimum conditions in, the shell gravel, it is not surprising that the proportion of dead to living should be higher in these species than in any of the others.
The occurrence of the polych::ete Prcegeria remota in large numbers is worthy of notice. The genus and species were constituted by Southern, and the genotype is described by him (19) . With regard to its habit, Southern says, " it is a small species, living on a bottom of sand and shells, or gravel, and would escape capture by the dredge unless special precautions were taken, . . . the Clew Bay specimens were obtained by carefully washing fine graveL" There are not enough records for one to be sure whether or not this species is restricted to bottoms of coarse texture.
Ampelisca spinipes Boeck, A. brevicornis (A. Costa), and A. tenuicornis Lilljeborg, are all found living in the shell gravel, the former in deposits of coarse texture (R.N. > 1.0), whilst the latter do not appear to trespass into deposits of R.N.>2'0. Between the two values of R.N. 2.0 and R.N. 1.0, there is a certain amount of overlapping of the two groups; StFen (22) , working over the" corner" grounds, has noted a similar distinction.
. Of the forms which are not true gravel dwellers, the two molluscs Abm prismatica (Montagu), and Abra alba (Wood), and the polychrete Owenia fusiformis Delle Chiaje, have been taken in the finer deposits only. The living Abras were found in the gravel 2525 yards E. of the Eddystone, at which point the maximum concentration of dead valves of these species is found.
THE EDDYSTONE SHELL--GRAVEL COMMUNITY.
The method adopted by Petersen (17) of naming the different animal communities by means of short terms, derived by abbreviation of the generic or specific names of the characteristic species of the communities, has the great advantage of simplicity, rendering unnecessary the listing of all the animals taken, some of which occur in small numbers only. Species which are dominant, both by number and by weight, are selected for this purpose. Seasonal animals are of little use in characterising the community, and finally, it is of practical importance to adopt for this purpose such forms as can ea.sily be preserved and identified; and for this -reason, molluscs and echinoderms are usually chosen.
Petersen laid particular stress on depth as the primary factor in determining the distribution of the nine communities found on the level sea bottom of the Danish waters-" animal communities of any water, will always be found to group themselves according to depth" (16, p. 7). The importance of the bottom deposit in this respect has however been recognised for some time by naturalists. Allen (1) has mapped out the distribution of the marine fauna over the different types of bottom, near the 30 fathom line, in the Plymouth and neighbouring waters. More recently, Ford (8), using Petersen's method of definition of the communities, has concluded that in the Plymouth area, " at least two distinct main series of level bottom animals exist alongside one anoth~r, . . . the one expressing itself in several recognisable forms in deposits in which fine grades predominate, the other being restricted to coarser soil, with its typical form restricted to clean shell gravel." Both are Venus-Spa tangid associations, the former being an Echinocardium cordatum-Venus gallina (EcVg) association, the other a Spatangus purpureus-Venus fasciata (SpVf) association. The SpVf community, so characteristic of the Eddy-stone shell gravel, has received surprisingly little attention from marine ecologists, largely, no doubt, because most quantitative work has been done in areas where conditions are not conducive to the formation of gravel deposits. The SpVf community may be regarded as a component of Petersen's deep Venus community (v), which is apparently, as Ford (8) Of the characteristic molluscs of the Eddystone shell gravel, we can speak with some degree of certainty. Variations in numbers from year to year, of the various forms, might lead successive observers to name different characteristic forms, according to the relative numbers of the different species present at the particular periods of observation, but taken over a period of years, one should be able to distinguish between those forms which are most truly characteristic, and those which are not. Such a record exists (if the hypothesis that there is little or no intrusion from outside grounds into the coarser deposits, be accepted) in the graveyard of the species-the shell deposit. Considered from the point of view of the living fauna, and with reference to their occurrence on other grounds, we should be prepared to name as characteristic the following bivalves : Glycymeris glycymeris, Ohione fasciata, with a more reserved opinion regarding Astarte triangularis, (!ardium scabrum, and Oardium ovale. The first three species occur in relatively large numbers over the whole of the ground, and all contribute heavily to the total of valves in the deposit. From 1800 gm. of gravel-100 gm. from each of 18 stationsAstarte triangularis is the best represented, with 760 dead valves, Glycymeris glycymeris, with 600, and Ohione fasciata, with 400. The Cardium are much less numerous-from the same 18 stations, Oardium scabrum showed 66, and Oardium ovale, 190 dead valves. Of the noncharacteristic forms, Gafrarium minimum, Ohione ovata, and Echinocyamus pusillus are by far the most common, with totals of 560, 530, and 330 respectively. The numbers of valves in the gravel do not of course give an absolute measure of the relative abundance of the various species in the gravel over a period of years, since the shells of some will be able to withstand attrition for a longer period than will others, but the overwhelming numbers of valves in the gravel of those species found alive in any numbers, enables us to point out more easily the characteristic species.
Of the Archiannelids and Polychmtes, there is no such past record, but it is evident that with the exception of Polygordius lacteus, and possibly Prcegeriaremota,none are entirely confined to the shell gravel, some indeed, SHELL GRAVEL OF EDDYSTONE GROUNDS. 265 such as Nephthys hombergiand Glyceralapidum, have a wide distribution, both geographical and with relation to the bottom deposit.
The distribution of the species over the whole area is such as to suggest that anyone of the three lamellibranchs, Glycymeris glycymeris, Ohione fasciata, and Astarte triangularis, associated with Spatangus purpureuswhich although few in numbers, is characteristic of the ground-is sufficient to characterise the community. The polychrntes are less important in this respect, since they are for the most part ubiquitous species, but the presence of Oweniafusiformis, together with the substitution of Ampelisca brevicornis and A. tenuicornis in the finer gravels, for Ampelisca spinipes of the coarser deposits, indicates the possible necessity of creating subcommunities of the SpVf association, although at this stage such a division would be unjustified. It is hoped in the near future to work along lines radiating from the Eddystone into the transition areas, in order to determine more precisely the limits of distribution of these and other species.
ENVIRONMENTAL CONDITIONS IN THE SHELL GRAVEL.
Within a very small area where conditions of light, temperature, and salinity are almost constant, the most important limiting environmental conditions are related to (1) The nature of the bottom, its texture and stability. (2) The availability of the food supply. The texture and stability of the gravel bottom has been considered in some detail, and it has been shown that the gravel, lying as it does as a covering over the solid sea floor, does not provide the stable base required by animals which attach themselves at an early stage to the substratum, and remain attached for the period of their adult lives. The abundance of hydroids, sponges, and cirripedes, on the sides of the Eddystone reef, show that it is not the inability of the larvrn to attach themselves, owing to the turbulent water conditions, that limits the distribution of the adults to quieter regions, but rather that the excessive movement of the bottom during stormy periods causes irreparable damage to the adults. The attached epifauna of the gravel is accordingly very scanty, and is practically absent from the Inner Gravel region. More removed from the main centre of disturbance, Sarcodictyon catenata, Alcyonium digitatum and a few hydroid zoophytes such as Sertularella gayi and' N emertesia antennina are to be found, but not in any quantity.
The extent of water movement also determines the amount of detritus and fine matter a gravel can hold. Without referring to the burrowing ability of the animals composing the infauna, it is of interest to note the feeding habits of the leading species; the commonest species are listed in Table 6 below, according to their mode of feeding. Those animals, the stomachs of which have been examined during the course of the work, are marked thus, 1, otherwise the authority is that of Hunt (9), indicated thus, 2. It is interesting to find that the typical gra vel forms are suspension feeders, whilst the common detritus feeders and carnivores are species which, with the exception of Spatangus purpureus, are represented on other grounds, an observation much to be expected, since one would expect to find suspension feeders more typically on a ground where the bottom is constantly stirred up, than in a deposit where the food supply lies mainly in the microfauna associated with the finer grades of the depQsit. ' 
MORTALITY AMONG THE BIVALVES, AND THE DEPREDATIONS OF

NATICA ALDER!.
Mortality among the shell gravel molluscs, if we are to judge by the frequency of occurrence of the dead valves in the deposit, is heaviest, as might be expected, in the younger stages. Obviously, it would be useless to plot the frequency of the different sizes, and point to the maxima as representing periods of greatest mortality, for it has been shown that in the coarser deposits small valves are washed away to regions of less disturbimce. Even so, the maximum is below a size of 4.5 mm. at all positions on the ground. Death is due to a variety of causes, either to starvation, or to being eaten by fish or other carnivores, or perhaps in the younger stages to mechanical injury caused by the shifting bottom. The only cause of which there is any measure, is that due to the gastropod N atica alderi. Here, as Davis (6) has shown, there is a means of evaluation. Natica bores through. one of the valves of a lamellibranch, and after feedIng on the soft tissues of the animal, leaves the two valves, which in the course of time separate and are added to the deposit. By counting all the bored valves of a species and pairing off with an equal number of unbored valves, the number of bivalves killed by Natica is obtained. Half the remaining number of single valves represents the number which have met their death in other ways, probably by starvation, since those eaten by fish are crushed and cannot subsequently be identified. Table 7 gives the numbers of 9 species of lamellibranchs (taken from 26 stations) bored by Natica, and of those which have met their death in ()ther ways. Of the 9 species, the ratio of molluscs killed by Natica molluscs killed by agencies other than Natica or fish is greatest with the little Astarte triangularis, and least with Oardium ()Vale. No' particular preference of the gastropod for the larger forms is to be seen, and there is no constant size preference within a single species. The mortality is much lower than on the Spisula beds in the North Sea, where Davis (6) found on one occasion a mortality as great as 88%, but the conditions on the Eddystone grounds are very different. The concentration of lamellibranchs is very low, and the distribution is probably not so patchy as on the Spisula beds; consequently, any invasion of Natica would be less disastrous in its results. The depredations are, however, sufficiently far-reaching to be of great importance in the economy of the community. 1. The limitations of the Conical Dredge as used in obtaining a sample for quantitative estimation of the fauna of a ground are discussed, and are found to be related to (a) The great distance over which the instrument must be hauled, with consequent inability to detect patchiness of fauna. (b) The inability of the dredge to capture members of the epifauna.
2. The nature of the shell gravel, its position relative to the Eddystone reef, and the various factors conditioning the degree of coarseness of the deposit and the segregation of its elements are considered. The main points of note are, (a) There are three well-defined areas, within which the gravels have their own particular characteristics.
(1) The Inner Shell Gravel area and the Middle Gravel area, composed of material of inorganic and organic origin, the former being gneissic in character, and the latter being formed of the remains of animals which normally live on this particular type of deposit. (2) The Outer Shell Gravel area, a mixture of matter of local and of outside origin. The area is more extensive on the western than on the eastern side of the reef.
.(b) Segregation of particles according to size occurs, and is illustrated by the movement of the valves of a number of species of molluscs. Wave action and the action of gravity are considered to be the chief factors in inducing movement of particles, which movement occurs in directions radiating from the reef outwards.
3. The epifauna of the rocky bottom is referred to briefly.
4. The infauna of the shell gravel has been examined quantitatively and qualitatively, and the range of the various species over the ground noted.
5. The nature of the shell-gravel community and its relation to some of the important environmental factors, are discussed. . TABLEIV. The range of the species found living in gravel is shown (Nemertini and Polyzoa excluded). Probably the only significant limitations of distribution are,
(1) Ampelisca spinipes to gravels of coarse texture, as contrasted with A. tenuicornis and A. brevicornisin the finer deposits. (2) Oweniafusiformis which, although present in the finer deposits, is absent from the more typical shell-gravel grounds.
The list of quantitative hauls includes 22 hauls from which 1 litre of gravel from the conical dredge has been searched quantitatively, and 2 grab hauls, from which also 1 litre of gravel has been taken. 
